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SUMMARY

It is widely believed that thousands of genes and their gene products in
a given living organism function in a complicated and orchestrated way that
creates the mystery of life. However, traditional methods in molecular
biology generally work on a “one gene in one experiment” basis, which means
that the throughput is very limited and the "whole picture” of gene function
is hard to obtain. At recent, a new technology, called DNA microarray, has
attracted tremendous interests among biologists. This technology promises to
monitor the whole genome on a single chip so that we can have a better
picture of the interactions among thousands of genes simultaneously. An array
is an orderly arrangement of DNA samples. It provides a medium for matching
known and unknown DNA samples based on base-pairing rules and automating the
process of identifying the unknowns., They are used to directly compare the
gene expression profiles of two RNA samples that are simultaneously
hybridized to the chip. DNA microarray, or DNA chips are fabricated by
high-speed robotics, generally on glass but sometimes on nylon substrates,
for which probes with known identity are used to determine complementary
binding, thus allowing massively parallel gene expression and gene discovery
studies. In order to identity the function of total genomic DNA of Chinese
cabbage and rice, we have isolated more than 10,000 ESTs and cDNA clones and
prepared the plant DNA chip version 1 and II., Using the DNA chips, we
analysed the expression of thousands of genes in one experiment and
identified a large number of novel genes whose functions are not verified
yet. For example, cold-resistant genes (Scofl, CaM isotypes), critical genes
involved in plant defense signaling systemt (Mlo, MAP kinase genes), novel
redox-regulating genes (Novel Trx, PHGPx homologues), and so on. The data
allow us to address many important biological questions that have not been
easily addressed with traditional expression-based technologies. Plant cDNA
technology may be useful to identify defense genes against various pathogens
and environmental stresses, determine susceptible tissues and cell types and
extrapolate effects from one species to another, Using the novel functional
genes identified, we are preparing pathogen/stress-resistant transgenic
plants, which will be advantageous both for the enhancement of agricultural

economy and preservation of natural clean environments.
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BE A9, BF 59 oo ol vyt £E AE A HEE £ US
Aoz oaHch. EF |AHA H Ve UUT ABERE T Y Hol €2
DNA version® ®, data®] 3]4& ¢slAL genome projectd] HUE S ZE
database9t @Z@sfol 7t it uwetd £ AFxHHede R 71EY A
A2t Al 2t bicinformatics& 7[Wte 2 ME fdA H& s, spddE

3|

ox
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(3 2. NCBI?] dbESTdp EEH g AE EST 5283 1997d 14 4 7|1&
3

¢ w/3x 9 EST 5874
‘Lycopersicon esculentum (tomato) 50, 303
Zea mays (maize) 49, 804
Oryza sativa (rice) 47,690
Arabidopsis thaliana (thale cress) 45, 757
Glycine max (soybean) 44,572
Gossypium hirsutum (upland cotton) 9,335
Sorghum bicolor (sorghum) 5,226
Brassica napus (oilseed rape) 1,702
Brassica campestris (field mustard) 963
Brassica rapa subsp. pekinensis _ 934
5o} A, hertt BF © Waldol oiw A AT YuH dd g
AT, A Zl% ZAEY AL 2 AE KER FY AEE] FHE Zola oY
59 olufoll 2l A1E KR A AU Fo

ATt BFH s A¥HACE, FF |
o FAH ZAYS R W FEAELE U oI wYH &80 BE
g+ & Aoz FHigrh

33, A7 AT g ZlEAy @A A sk $1A
Aol A 71&d uhet gol RAA F B4 Jlee A F FEOE Uro] 7
%

B8 4 g oE Jlg F ¥4 Mo 2AY £ 9t f3AE Ao wol
3

BRI QETl e Holn SAlE SHXYS Awd WPRHS fstd dupy
W 4AAEE obF AL 2ol HAND 4 Qv s TUE array A U
2471424 olE 4AXYUL U patternd 4 Fotol FuAe JHE
ABAE % SEATRITL o/E F parts 7lgo] thTt B0 B o
F4ES FU D E 47U JeAEet IAFA AT growp BN NEFES
B2 ulas 2oz st

. 58 SARUL HRHok: SAXY FA AR 71%:% SEEROUR
£ RE §3x7} waHolol st o2 13} Agshe wHoRs o
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2 Z17}e] cDNAE EE|3te] @7 EE ARSAU, Jisel ARE HEERYH 7
T 8% RAE WIa #FHHE /KAXE Ut Bl 25 E
E)Y fAAE ofE 3teRY gAY SR ¥ E}sle], fAxE %

£ FE2 AAY 2% F=of AuA dEdtht AY REE FAATL exont
intron® 2 o] Fo{A glo] genomic DNA®] E7|Nd AAZFE FAAE W=ste
Zo] -8 o] ot} Gene trapping?} direct cDNA selectionl @ FIAXE %t
€ F U2 FL AFE AZTEOIE o]&3te FAAY AIIMERE B /A
2] EAE od&shs 2% JMesith ofH WhPE ol &ditiele E9sA| ¢l
A} fAANE it stojele O @Rl o A8 AaEe]l BEEHE BF
3 BE HAEY UZo] och uwelq obfel 3 AEAY A d7IMdE 7t
A3 Tii St UHEHE FAAE e DN Z2HE =F glols BE
Axpe] UFE ol e AoE digHct olH o|fE oA AFE vt} Hol
=, 4&, Fetu 5 rleddFo e f-8 KA LS FEST] T dFl
deidel $aE stx gtk UIEE o2, ¢Izte] Al ZZAME (human genone
project, H=, d& U {HAY) I cDVA project (B]F)E & + YUTh

Al E-Fokoll dojAME= e cDNA project (Y&, =, ¥=) W Arabidopsis

cDNA (m]=k, ZatA) @ genome project (u]= ¥ FHAE & 4 At} (F3).
o]E cDNA project®} genome projectd E3lo] ERH fA2} FE databased}
H3 93, FUFELS F5F databaseEHE FRE @i o]& o|&3t A
ok dARE £yt Aol dth VA o]E KHA FE& internetifo A
AREA ol €E + dou, A2T o]EY Jso] #EHE BF FEH H JIE
gol wi¢ Ach ey ol FH FEIECH: {3 Ade ufEhy o83
< Bop A% AR A € Zolch {AAF ALY ufehy o]&WE F
stel3 3t whAQl o|E, cDNA projectE Edle] XA EST (expressed sequence
tags)E S} A=Y uF NIH(FHEAY)Y =92 feso] L=
iAol ¥ WS B3| HAE Aoy, oldt A= doRE ALHA
Rog oHct. ZHFo] Ao FAAE S olEE At AAFHIIA 8l
oung Aste] AdHQ o2 EEo|AUL HAolE H&F < o] fuAE A4
3 AR A E Zolth x|, @I de]l BT WA FAxpel tisiA
FAAL 4Bl 4tdd JIXE 71 wl, 533t shedl obFd ofE&o] il mhet
A ZHFE o] et o A /& KARE HRlAL o] & ol&staat st
Ego] ZFFHoA|aL it}

2 H
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{F3. u]= NSFoJ|A] genome project® FZd}= projects)

Project P. 1, (2 =}) i Rt A2A 5

Pamela J Green Michigan State University Functional analysis of the Arabidopsis
genome via gene disruption and global
gene expression analysis

Shauna Sommerville Carnegie Institute of Washington Microarray contact

John Ohlrogge Michigan State University Microarray contact

Mike Cherry Stanford University Bioinformatics contact

Virginia Walbot Stanford University Maize gene discovery, sequencing

and phenotypic analysis

David Galbraith University of Arizona Microarray contact

Lila Vodkin University of Illinois Urbana-Champaign Functional genomics program
for soybean

Randy C Shoemake) Iowa State University EST contact

Steven Tanksley Cornell University Development of tools for tomato functional
genomics:

Hans Bohnert University of Arizona Genomics of plant stress tolerance

Nina V Federoff Pennsylvania State University New DNA microarray detection

techniques

in the study of stress-induced changes in
plant gene expression

Rod A Wing Clemson University A BAC library resource of crop genomics
Bertrand Lemieux University of Delaware Genomic analysis of seed qualilty traits
in corn

A wE 7% B8 H Ade] doldY BAL Hel FHH e F
AE duht go| R{sta g7t st Hojth uletM uF3 dEoAM F
2 AR ol ue] genome LEAEQ} Arabidopsis genome TEAEJ = HE
2 YN E ol& At cDNA pool& R[5l glojof shedl & A7HE
nf AE {2 2 RolM FAZAEE 3 (AERAR BEE AA 84)

2

32 93, olE A% LS BEIW NE A2 A Aol YolME FAF
ZBEE 2% 4 e AL YT med B d7WAAE 7 ¥R JE

lo

AE {22} 2Lt bicinformaticsE 7ML ® AE {AA L MUt

1& 2B A, Tl B2 2 FalFel o AR KAXEY P
ﬁ§

0
N¢

¢
I

N
=%

s

A oud gt dAF, A Vs FAEY A W HE fEzE MY AEH FHE
Zolx ol A7t AFH LT YAk, FF 59 ool Sl HE 1A
A g Bob IFAF AALEL BRI} AU FEAEYE 4 teT 594
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photolithography(a)

gded olE 7led

=

a

M1 Shine
—_— tight
XX XX

Touch
surface

Deliver Move
drop fets i Repeat
mm——p——— som—————“——p—" —

<9 2. DNA chip A& %>

&< 19959 0] Stanford Th¥te] AAstetztollr AL Ausglen of 2 ~ 337
2] FAAE ¢ 1 cm2 ol Ed 4 ot (http://cmgm. stanford. edu/pbrown/).
HZole #A Ud 5H & 522 cDNAE 9% chipE &S] wEdl
cDNA microarray chipo|2til EFA|U AFL FAHo|E ANE £+ U=FH
oligonucleotideE & ¥hio = EQl chip® ZId=gtl. DNA microarrayer=
FA 2] glass slideES = 33 PR H SAXE @1 9l 96well plated
=X 3, DNAE glass slided] &A 3= QUL sF= pino] o] 9L robotic
print head®] A HEEOZ 1}yo]x gitt. o] pino] DNAS 96well plateZEF-E
Hotr glass slideZ computer7t A%t HZ-2 Hio] A& Zojrt o[gA A

A
WH cDNA microarray chip F7FA] thE AN U= 55T 54

__2'1_



243 437 4ol $¥A wwHolz © v MPes AMY 4 otk
Inkjet microarray chip7]&-& pin t§xlo] computer inkjet printerofA] 2ol
23 e el cartridgeE AME-Sledvie= o] microarray chipt TlEH
(http://www.biodot,.com/), 2}2}2] cartridge Qtoll= §FAx}7} Sof QlojA] A7|
el PoBA FAAE 2FA flol FelA = Aotk XIF7A| el Wy
o wlalr] thermal, solenoid 12|31 piezoelectric®] 37}x] ®¥po] gt} o] 7]
=5 BHS FAAE AV/1H 22 chip Edo| A dx Y 5 7] wf &l

A SRR Bl PE WS 4o chipg AW 4+ UTHe Zojth FA Y

W2 7Y e FAAE J1 DNA chipg A4tstr] $ls]AE cartridge ¢+
FREE ¥l A7t dolglel. nix|22 2 Photholithograph chip A4
2 ul=Ze Affymetrix@l= 3 A} computer chip® wHE7] sy 2RE
photolithographygl= 7]&& ARSI 4 Y i ¢71&E sty Rl
of Ay wAdsted 43I WAolch  (httpi//  www.affymetrix. com/),
Affymetrixs o] 7|4 ARgsto] ZJlof 1.28 on® Qo] 65,000752] T}E
oligonucleotideE 7} chips E93 A2 400,000718 C}E

?l.

oligonucleotideE 7} chipS ¥ts 4 It} Oligonucleotide”’} §AEE= FE
o] ¥H2 Zt7be] grlEe]l YBY F A BEAJL B och ARIpFo] vk
3L cDNA chipe] wlsiA NREER AMRI|I7E 4] don {FAHA FolH
oligonucleotideZ} Z}Z R-A=lujct tix}AE L HgxEojof slgiTt. o]etzto] u|
=2 roidtelut APFE HAEC] FAA H ARFAE MUste] AE3tA
of HolEal glent, o] Fobol gt Fuf Axspd Fxp= oA AlZ whAoITh
of wokoll ¥ FAGRES AMECH, A dgAdFe A A LUE
of A A7 e "21A7] ZEE|] ALUAYg ol Hoishe W 3o
TR F Jide] HAY Zow oiEn oot EF U7 J1dY Fe, (F)ut
A2, 8J sloleld, Hlo]UolE HIE, RAPFTIH HAJIGEY o AL
B2 g dF uE HEY 4 o0& Foln, {AA A Apde] oiy A7 Ay
FAe A& eg FUH Zeg o™t wietd '98dziA| ] 2 Fofol tigt
T2 obF Himsiglou, '99dFE g Exivh AlzbEo] uid 1509 o]t
At AEZE fEAL H kel FE5E ReE AWHoL
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3. gAY ~AUE A 24

1d. a771ge] o|EF, A8d 28y

B Q78 +us] A% 71EAA A PPES o] J&HlW ¥BL
AROE $2, HUY ABE ATWPOIU FUES FAZ AL, =g 439

7l & AE GdAY £ ¢ d3gy

1) cDNA E+= ESTY| chz} #®: F3bael EST AES $lsiAE, tﬂzi =gt cDNA
libraryE& F&3l= Zlo] dAzAolrt. &, tiate] sequencingS +3§317] ¢J3)
A= DNA £e|7l 3 sequencingd 4-33}7] He|st cDNA libraryE =8 ¥
7 gtk & A= olgd AU cDNA libraryE F5313L, 5
cDNA library2HE REejamogw MeIgt clone?] sequencingg $383}9ltt.
Sequencing3t DNAY: =ZLA|-8-AX} databaseQ! GenBank/EMBL, YHa§zl Swiss~p10t
PIR %), dbESTo|A] FASTA program& ©]-&3}e] sequenceE £4, B/t =A
A {AA SE7]F (GenBank/EMBL, DDBJ %)&} & 3fA¢] %U UdHo =
2}A| 2] gene databaseE FI-&3}4ith.

2) RNA differential display: RNA differential display®] primer+= GenHunter
Corp. ol 73ttt 3'poly(A) RNAS] €& % & 3" & primerts 3717
o (oligo M-T11 (M& G, A, &L CZ 3}u})) 5 primerE 807§2] 10 based]
arbitrary oligomer& o]&% Zlojt},

3) RNA preparation; RNA differential displayel] A}M2-%]+= RNA sample?] DNA 2.3
o] ¢lof7l #13te] RNA F&3A oA LiClu} CsClE o] &31x] ¢4l acid phenol &
DNA 29& HolHA total celluar nucleic acids® F&3t ¥ RNase free
DNase& TlA] A g]steict.

4) Differential screening: Total RNAES W elicitorgd A28t 22 (¥}
) At 42 2 e2RY Feslal olE2FH WA cDNAS UEIL
S cDNA o] HHF elicitor® A 2|3t cDNAS o] &3} libraryE F&3}9r).
o] cDNA libraryE YA elicitorE He|3lxr] ¢& XA ZHE s
cDNAZ *PZ labelingd}o] probeE WHEI o] & probeo] &5t UEIA] ¢t
cDNA cloneg ER3I%ch
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5) Sutraction cDNA library 3% F £859 RO ZHE cDNA libraryE 753}
L el H L] cDNAE ©o]&3}¢] subtractiondle] FEH3lYTh o] $l3le] olE
cDNA library+= single strand DNAS WS 9l: vectorZ ©o|-&3}3 o]E cDNA
library2H%E single stranded cDNAS Q& x]of Aufsl Z2/2] total RNAE o]
|-5}o] subtraction 3}gitl. ojuf Alt] RNAE biotind]] 2]8}o] labeling 3}¢d
control single stranded cDNAQ} biotinylated RNA2} hybridizationS 33} o]
E& avidine® ©]€3}o] biotinlyated RNAS A|AL L EA T Ao ZU3}IA
E2]8= cDNAY: A At}

. S38x Je AL g - DN FH2 3A A sidaEE AXA "ol ]
CHAlE sample2FE] RNAE F&31= WAlo]i 28HAl= DNA chip A&tz 1 o]&
of ¥ Zojm ITPAL: olEY EMAFLE o5& AESSIe] HdEstd ol
o} 2},

1) DNA Spotting; A& DNA chip®] 7o 7% 83 94 JIUEZ DNAE o
Y Bl FHAIE slee Adelth. E dFelME pin microarray,
inkjet, photolithography, elactronic array ¥ % 1995d n]= Stanford tj
&to] 73t pin microarray (http://cmgm. stanford,edu/pbrown)E& A& Zo]
m o 1 cn’ 8 glass slideo] 2-37) ol4e] RUAE Y £ & &S
Zpustoict

2) Labeling and Detection: T HEHUEZE o]L3Ft DNA = RNAY labeling?}
laserg o|-&%¥ ZA 7Ho] FE3] WAst Yt ol F WHE A&t 7
7o) sampleg 77| TIE o TAY 4 Atk & F A C}E B
42 HNEEZHE total RNA = mRNAE &
transcriptionA]|Z w] z}z} c}E A7 sy B
(Cy5)olut =4 (Cy3)& © cDNAE #Astgdct &

rSL‘

%] o]&= mRNAE reverse
W 7E Frkstel W
B 5 HY cDNAE 5 22

m[o

o}.

B2E 4{olA BFLES] cDNA microarray chipoll ZAIZIch ZAgte] d {FHA
=& Holdl 2 laser fluorescence scannero] &]3te] Q& Act Ztzt {A=}
o BF BEE I {3 YAZEE YT AR o]E FE: computer
of &Jste] E29stgch

3) 3&tAl data &£ THY HFLE £ A dataE EA sl oksh= AFo] WA
SIEE ol&EE AIFOoE EANstn 1 FAIAE FRI A= Aol Fayt
£47F Aok, G2 ol3t T2 sdo] ThFSHA o] R glem 1 F

3}Fo| W databaseS AT AL Holzka gtk £NH AE S
datats A}A|2] database @ bioinformatics& &, A|Z3tgdct.
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oh. 4E gAY §AAY B zdAF

1) Total RNA %! genomic DNA®] &#2]: Total RNAE LiCl/phenol HhH S o] &3}
AEAERY &R 3la, Genomic DNAE A EX 223& QAL dgl F
proteinase K& *] 2|3t F CsCl gradient& o]-&3}o] Ea|sl7|E steitt.

2) Southern W Northern blot hybridization: Al¥83d}322} 3= DNAS Qo] ulg}
restriction enzymelE RX}E23 standard WWHSE Southern blot& nylon
membrane ©]-&3}o] 4=383}4t}. Northern blot& formaldehyde W& o]&3}o]
gel electrophoresis 3}3L nylon membraneo] transfer 3} blotg& RJHEZL,
probeZ random priming 3} U} PCR labeling ¥FHol 213 P2 labelling 3}
hybridization 3}7]& 3}gt}.

3) Expression vector®] FF; Ax}A LT A 7Ix] ALIH vectorE o]L3}o]
testd}il A Z-F secretion vectorE o8] £F2] bacteria -FHX}o|A] leader
sequencel} T}E signal sequence@ inducible expression system& -2-&3}o] W
HAAF| AL Sl= hostol] A YsIeE tﬁ%‘/‘s]?j inducible expression system&
34Tt

b, F-82Ee FAAR 2 A& 7ed] HA

1) &35 (Butg, 2= #2, ¥ ) FHAR 71y Azt HFzd e
DNA gene-gun W, PEGL} electroporation ®PH %& o]&3l protoplast
regeneration ¥ & ©o[-8¥ [F-&2 o] T FAIAY YL &S FIMIK
th olegA, T E dFYox= "superbinary” vector system® 7f5}o]
Agrobacterium® ZH-B] T-DNAE 2Eo] E4)st= FAAH AAE FYstoq o &
Stal Tt

2) Transgenic plants oA overexpression® $|%t heterologous expression
system = o]8 TS AIA|2] expression system (T7 RNA polymerase®t ZH2)
S o]&3le] ZEof proteing overexpression ¥ F ¢l system L=3ILA} 3}

=3

32

3) Inducible expression system &] F=: T2 ABEAY] inducible expression
systemS 283}o] AEA O HWsIEE 7R3} inducible expression system&
% (Tetracycline repressor ©|-8 &)3}git}.

ul, 3 8 APE FERAR FE 7“‘% 2 JAHFE A5 FAUE
1) BLdel i AFEE AUe FHAR ZE A= FAAFE constructE
electroporation ¥H& ©]83}o Agrobacterium o transfer ¥t Fof 1E0]

Agrobacterium oA QAJIA ZAdt=x|E EQlstgict. oju {-A=pe #|elE,
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E. coli oA AM&3S}3L Sl nmini prep Wz T whH o2 3} plasmid
DNAE Agrobacterium oA 2|3} Southern blot hybridization & E3}o| &
Q.

2) BAARE FHAY A 27 U3k gene o] =YE A=A ol

transgenic plant §& dXx} #Ql2 kanamycin resistance & o|L&3%tx2, EolH
transgenic plant®] X7} QHASIA cF2 AMtjol] Fo|E =X E Tl generation
ol /] TiA] transformantE zj&lsteirt. o]@A WrEo]= transgenic plant &
o] transferdl SARE KT YE=X|E total genomic DNA & Ei|s}y
Southern blot hybridization ol &} EQlIs}tgict.
) BAAR D Wls BB A S84 2O YU vE BAS EEey
BRAEdL UEE BATE J12E A3 £EelARE AT, Wy
BIAE, HFUL AHEY UHE =2d o Ude o]277tx] g ud
FAAEE AHH o2 monitoring® F gl Aol vk whebd Mo &3
P FAAE F, 8 3AEE ¥4 ‘?r"‘ix]'% AEYE 4 & ¥ oY
BEAEE BT 98-S £33 £+ = FAANTE 2 o
AR F2 {34 ATS PAAR AZo2A Ud FAATAL] A
= 71% o AFZ7AY FAARA o n)3) YR BT AV FE A
& 1% AE A3 4 o

4) Fd3 & W AESY] o3 U] AEHE FHA ke H

Aot olg FAAES ﬁ%agi %ﬁ*]ié T = AEs9Y A

N,

it
iy
e o on

o
—

iy
4

o
aZ Mo mx

sk she, A :wz}xi sase - HES RUE shenotypes)
of GZs] 23 ¥ YU BASH BE A x=¥o| £7HYomnT
Eobol YoM % uhe F-83H0 ASE 2 ¥ Austazt sgch

_ﬂor-{n:k‘zj'iﬁ

o & orr 2>

—

AcH

2d. a8 4 4

7§ R AR AT 48 AE S gL @ fAgRe 1/6 3
1) Wi A 22 o=k gr; (A= H AL 93} EST (expressed
sequence tags) XS JH L2 UF, FEstuzt styct. ol & $]3te] ESTAEA
o] H3JEt cDNA libraryE F&3lg=u o|AE plasmid-based library@A 18
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-

2

Aot L WPHoE FEIlgch B dFoAs: FEH cDNA library2HE F 3
Y22 clonesS AEystz AUst E. coli colonyZHE] WS A|zhe] 4%
=

plasmids®] ciar&-2|”7} 7153%t Bio-Robot 3000 (2% 3B)& AM&3}9] plasmidsES

w25t 223 DNAES automatic DNA sequencero]] 213} sequencingg =313}

gt

(A)

First strand synthesis

Second strand syrthesis

Sl 1 addapter addition

Not | digestion
Size fraction

Ligation of Plasmid pSPORT1

B

< 1% 3. SuperScript™ Plasmid SystemE ©]-&%F cDNA library & # et
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(A) 2§82t cfabe] 22, Bio-Robot 3000 : 2001 5¥ T4,
AHE-Z(B)>

2) Fe¥ fAXY AP E D/B B AR {HARYY GUIMES 2R
3l3L DNA sequences: QEYS E3Jt dlo]g wo]A (GenBank/ EMBL,
Swiss-plot, PIR, dbEST &)& AH&3le] £EHE F3AY 7les &7, Fel
2 @71d& 2A {382 527]3 (GenBank/EMBL, DDBJ)#} £ A
o] dBo T FHF databaseo] A A1 TE 53] cDNA microarray o]
&471 HiE SEES A4 9 #este 3PN BF JAEd =4
ZHA] Al 2”02 He3ta glon AUl wjF AR ZLZ open
RAZAE 2@, FstL FERAAAES AEUE FUY AEAEdA

staL glcth.

[

M o% E

dr o o 2

% 2

Y. 48 gz g A%

DNA o] Azt 4= IA A A2, & microarray system 7
%, fAxYY 2¢E FE, DN chip AF3} BAzgel £7HN & AL
AEsisted Felstd chaat gk,
1) Microarray system -5

@© Microarrayer?] &-&AA 5 DNA chip 7o 7h3 A ZA L4+ e
FHALE ¢3S Fdol TEEE FFHA I E 7leolnh. H A=zI] Azte] Hu#

H FELEE X, Y-, I-5E B39 5F EAS UE HAE WstE servo
motor, controller system, AHo]Zx]2} o]& FLHA|F|= computer software’} 9}
th, & doA = microarrayer A 22 913 Stanford tf&}2] P. Brownof &%t 3
A3 Amape] WAH BB robotic Aol T ABE H=(board), 7|E}
microarray A|Zte] THAH A HFS T, Zstgch A FELEA Daedal
ParkerA}?] 3axis-linear controller system& MXE F¢3}3l, mountingol] H.L3F
X5 W72k Newport Co. oA FUSILATE o]E2 4 x 4 feetd] STUES 2=
FAE fof] 3% Mo FFHE FHY Zolrt. HAAFEEL ¥4l manuale] &3
AFHUT, 7 Fult} olEAUE AT ¥ 4 At lLinit 290% A A s}
31 Z}zh& DMC-1730 motion controllere]] 1Attt e A QZHzof 2]%t 7]7]
2] mi=g 2] 93] emergency stop buttong H-&s}gic}. Compumotor TQ10 servo

amplifier® linear slide motor& FT%3l=t] o] ACE DC HEel& u}PolFnH,
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IAAFZE 60w powerE o] 73t 1EY L HoJslgrt. Printing pind Telechem
AF8] Stealth pin SMP7 (http://www.arrayit.com)& -3t 100mof| A 150m2]
A3 A718 7zt Z-bracket?] printer headQlto] Atel=Elalct. el 32 748 pin 4
ol 7heste 5 W] RARE &elol= frejol AHY 5 YA HASHACE &
A= Azl 9ol z7te] sampled 233 F washingZt X (pin drying)7}
" 93ty o] sonicator washer systemS XJeid}3, dry system&ZE= GASTA}Y]
air pumpE AX|she Zo® HASIETE 98" FAA H A= AFEHE H
o] MA ZHY LAF:= A& WAL, 2%, 58 4 X &+ dA #
2] AAHE A 3ste] dx|stocth wepa] 2 oAl Stanford thdfolA ZRtgt
ArrayMaker v1.8.1& 3L93}3 BioRoboticsA}?] TAS Gride IIE J-%35}7] ¢3t
TAS/Pro8] software $&WHE HESt HFzAL HYshart (2 W),
Microarrayer T-5-2 $|3] PC-windows systemo] AM-El&= 23S 713} Zo]
g AlZict (23 4B).

(A)

(B)

_29_



= ONAE Z2

7]

HE

(®)

<% 4, Z# AHZ¥E microarrayer "PioneerRedoh” & <%£program Projectd >

® Microarrayer % program®] 2-8A|A % &3} Jogger program (Projectd)
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7171 A ZA] X-, Y-, Z-limit switch?} 2%  3}=%|, linear encoder?} Z}&E3l=
A& AZAY + YA siEct (2Y 5). 2elal ArrayMaker 1.8 & B3 o8 B
B 7% % AE Az, AX, $E 5& 2¥sks ¥4 Z2adel). o 22y
7171 25 27]e] LY HAolA samplingE 57| #1383l x,y,z-settingE &}
ARog AZE W o]Fof print head &} plate, sonicator, dry station®] $£|x]
ZA3 e alignZle& Stdth X-, Y-, 2-FL ¢X|o] U= & 2FP3te 2o
HAREE F LR sample plate o printing pino] ojtje] x|, ol &
of gfof s=x]& B3 Frt 2Z3 AF L IF ARex 7] A& 2%
T (13 5A). 384 plate®] well 7t 7tZo] 4.5mm 7} H& Zlo| dutyolL} A
mit} Zhgo] utx] ¢b= ZA¥ko] gle = ‘calibrate plate’E &F3dlo] A7t A

=t npAlet 2] 2] sample well of ping & EF sigict (I 5B).

e oy S Ao ofr rfo




B)

<a® 5, 717] 22 A 3}AE3} sample plate 7= 23 D

I3 69lA EiE ule} o] £ microarrayery 2z} &9 AF&E, Mgl F
= B3 JHestA st
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3 Test Print

<O¥E 6. & 35 £5 Ho| XA Y Test printing 3H >

Test printollA] pinZt ZHF& 23t 167 R HNE &3], H & £33
A& At FHFHLE 384 plateE AMES}O] real printingE 3Sgith &
71712 16 ping AHE A] 384 well & 20%-0] A Q5 o).

® Scanner U #TH softwared] 2-&A|A L= DNA chip?] 34} imageE EA3l=
scanner2= GSIAF2] ScanArray™ LiteZ® JFstddch HAEML Window NT
systemofl A ZLEEH, 34} scand ScanArray ver. 3.0 &3tgch & 4
< Cy3 (543 3)et Cys (NP E AL 83t £43= laser detector
systemo|w, CCD siulel ¥F2]e] ZpihEAof wlzf Hrop U & d& +
ZS 2 zigt¥ch DNA microarrays ui-$- thekst A4l @ BAZFHA EAES
A o], DNA H AditoAHy 2FHOZ o|F Al&3sle] wWd 24 AR ZAA
ZFE7 E43e 232N AgdHc), 3 41 datas QuantArray ver, 3.0
programs &8t Cy3} Cy53k& BEAITIAL ol&& MELR st FH 43}
gr}l., A=A dataz Excel data® HA|E £ ¢lon, o|ALE HIEISE Log?,

32
(Z

scatter plot, self-organizing map (SOM: http://genome-www5, stanford.edu/
MicroArray/ SMD/restech), hierarchical clustering® <3J3}o] expression

profiling 3}giT},
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2) AR IR U s -ﬁ-’ﬂx}%l-‘ll 5

@ FAAY FF: F A2E Ae=d EST & 1}3] 52 PCR WY& AHES1A
th olul, 23 79 13 Zo] T DN BEES dx Zo| Wiy FLIH, 5
DNA band& R.oli= Zof ¥t3te] thekdt PR 22 W primer E71ME F48& 23
stelct,

(‘

O

C 1 6 7 8

<ag 7. H AzE Al UAE = PCR AP E FED
% 100 2] PCR A% %%—5% ﬂ@Olt}%*g*éé 4 F ALEY F
#oll AM&3EAL lane 13} Zo] % o gt AL Bl At
BEsln 3= 49} ool Tr*lz} oll DNA chip A &}of o]&3}gict

@ v"*x} 3 7ﬂl"‘g A FH=}

{¥4. PCR ¥h-gZZ 2} PCR cycle)

Flower bud Root tip, Etiolated
DNA 18 (2ng/d) 18 (2ng/id)
Primer 1 T7(N)-2 1£(10 pmol) SP6(N)-2 2£(10 pmol )
Primer 2 T3(N)-2 2£(10 pmol ) T3(N)-2 £ 10 pmol )
dNTP 2/ (10mM) 244 (10 mM)
Polymerase 0.2 (10unit/ L) 0.2 (10unit/L)
ddd,0 82.8 4 82.8 £
Buf fer 10 4 (10 %) 10 8 (10 %)
Total 100 w8 100 (£
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Cycles Temp /7 time

-1 cycle 94 C / 2min

94 /30 sec, 57 C/30 sec,

30 cycles
72 C/1minl0 sec

1 cycle 72 C 7/ 10 min

1 cycle 4 C hold to end

3) A 3 Aze] HAzA WY} MFAR Y A%
O A Az HHzA H F8A F A2E 21T DNA spottingollA LF1E+=
parameter®+ Pin printing factors (Mechanical variations, Effective
pre-printing, DNA spotting solution) 2} Post-printing factors
(Washing/cross-1inking/Blocking, Hybridization)%o] £ factorE Zh&-3}H o]
E 27¢ HABBHE glo] £ P Aol FLY USE AATL olodol=
A7 A Al JBE T 2AEES KA W AYLE, SE 5 B4 &
A3t Heo] FHY {FAAS denaturation, FH2 AT &, Hel I F
cross-linking 23 §& & F7] mﬂ»,—c»ﬂ olE RASY Ao IRt AR
I =¥& FAbste fAA A AR2AE FEHSIACL
@ [AA F Ud 242 2% oRNA £32] U probe-labeling®t ¥ detection &
A: 2L BFELE o]-8% DNA E+= RNA labeling} laserE o]-&3t A 71yl
PES WAROEA o] WHE g3l A7 sampleg 747] THE YPoT X
A% 4 vk & F 7Y T BN 4 AZEEHE total RNA B mRNA
£ F&3% ¥ o]l mRNAE reverse transcriptionA|Z uf z}zt ciE M7 HE
222 W 4718 Woistel WA (0y5)oltt w4 (0y3)& W cDNAS WA steTh
2 Aol A prove AZAFOl T HHZAL TheFt At (E 5).

O RNA 2313 ¢f 6g9 ARE AAALE Y 22i3 F, 50t FEO|
A RNA & buffer 18 mE Y3 EEoI&Th Imed] slES YolA 158 F¢t
A Este 21 23] HESIT 4,500 rpmoll o 16E o HAHE St A
AE A FEE 7 F, I ERZTEEL 23] A3 Fcl. 4,500 rpmol|A] 15

£ ¢ 4R T A5YE 15w X 3 F, 6MY LiCIE #2 FIE ¥2
SHE5QE 4 Coll soHETh 4 T, 9,000 rpmofl A 2025 HAEe] & F 2.5 w9

ot o o
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Fro SQlvhke AL20A 608 ZoF 100% oEF22} 3M sodium acetated Yil

A Zich 16 Tl 9,000 rpme 2 208 Tt W4l g Foll, 70% &=
58 Zob MojErh 27| 2o wel thg 500 x£8] 3% Z2FH4o] HATh 0D
2 &3 & -20Co] A&t}
O gAAF whg} AA: ¥ 29 o] PR FEUJY ¥IERASE 70ToA 10&
B¢ Ryl FA d22E &tk o]AE cDNA YZ-EqollA 42 CToll 1]
EQt wkg A zith, whggodof 5482] 0.5M EDTAS ¥ & 4jo|& Th, 1049 1
N NaOH ¥31 65 TColl 1087t £}, 22| 25488 1M Tris (pH 7.5) Y3 & 4]
oJ&t}, Microcon YM-100 column& Ap2-3le] AAstgitt. 2.5882] 100% ofghe}
0.1u}2] 3M sodium acetate @2 ¥|, -70 Coll 20&7 o=t} 4 TollA 12,000
rpmQ 2 2087 HAl B3t FHol, 70% ot E RojErl whgAS 30 uLe]
hybridization solutiond]] &=ojAx R-Ax} X3} ¥hLA]FIC},

o

<E 5. A g s>

RNA( ~100 xg2] total RNA) X /4
Oligo-dT-V(2ug/1h) 0.5~1£
DEPC-water Y £
Total volume 20.5 8
5 X superscript buffer 8 14
0.1M DIT 4 1L
RNAse inhibitor (15u//42) 2 1l
Cy3-dUTP or Cy5-dUTP 3 14
dNTP(25 mM, dTTP-10 mM) 1L
Superscriptll reversetranscriptase 1.5 148
Total volume 40 8

@ A=} e Az FAST (S&S) slideE ALR3}o] testE 93}l inkE spotting
gt array Z3= ¥ 832} Zow Tikst zZofA spottings X3St spot
conditionZ E2lslgdrt. Super aldehyde glassol] spotting® wf &=z Rrc} 2u]2]
oFS AT 4= 9l 16 B AMRA] 144x16=2184 grid, 32 %1 A] 4364 grid, 24x
24 gridd ZA-$ 18432 AT} array A 27} 7Fssh A 80 mm pin AHRA] 30x 30 x
32 =28800 A3t grid microarray 7}s3}Th.
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FEEEEERA RN
SEERBENL AN
2ES e

<% 8. 12x12/per block® & ink& A}23t array 23D

S22 ZE  AAH 3,074702] cloneE5& 16-pin systemE ©]Fo]Z arrayer
X, Y, Z%E& AUstA zdges 247t spoto] ¥ RZALE spotting H
gl ZALZ PioneerRedohE AHE-3lo] i3t 2 HZA (F 6)oA v §34
} 3,20070 7} 2 3=} chip& A|ZH(o]&: BC-EST ver 1.012 )31t

ENTY

N

CE 6 A2 F AE AT HAH3} A0 273D
A3 g A& EE3 g
3 A2 F=BH 40, 50, 60, 80% 60%
H Az 2237 20 - 37 C 22 C
DNA cross-linking UV, 80T Baking v

CREE R

70% formamide, Boiling

557t boiling

square/round well type,

Square type

384 Plate Genetix/Corning, Genetix
Polypropylene/styrene Polystyrene
5, 10, 15, 20, 25
Sample Vol, . . .M 14 £
in spotting solution
Pre-printing 5, 10, 15 10

Pin type

Stealth SM-4B, BioRobitic TAS pin

Stealth SM-4B
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@ Chipe] A W ¥ 3,200097§8] clones©] array® slide:= 16A]7F E¢F =]
7} ¢l chamberufiollA] AZXF| Tt of7]o] 0.2%SDSE A 2|5t non-bound DNAE
A A, 95CoA HAAZ Fo] sodium borohydride® free aldehydeE |43}
stoit}. Spotting®, HAR AL WE #Hol cDNAE slided] AP ThE 3HF0]
A AgoA waich 0.2% SDSE non-bound DNAE A A% T}, 33 FF{F4E 23
ol F31 95 CE #Ho| DNAE denaturation X|Zit}. 800 rpmoflA] 7I%l3] E7]& A
A8t v}, sodium borohydride solution® ® free aldehydes& A|A3}eict. 0.2%
SDS$} 3x} FF42 47 13 BlolE the, 800rpmollA 57 Ft L Erh Aol
A W& zpekste] ARSIt (1] A& 7Hs)

® Probe2} A=} X z}e] prehybridization @ hybridization: DNA chip slideo
prehybridization buffer ( 6 XSSC, 0.2%SDS, 5X Denhardt solution, 1 mg/mé
salmon sperm DNA) 15448 Y3, cover slip-_—e"— YL F hybridization chambero]
o] 2A]17t Tt At Fr}h. 2XSSC 0.2%SDSE 287 AL spino 2 walt}
(prehybridization). Probe (Cy3-Cy5)¢]] hybridization solution (6XSSC, 0.2%
SDS, 5X Denhardt solution, 0.1 mg/mé salmon sperm DNA) 154& Y3 A2 t}
&, 95 CollA 90 T & the, e A& Eth 28 B¢ o rone 2
A el g e o 28 LE slidef]o] Hoj=RIth Cover glassE§ B2
F. 400 £28] 2%SSCE ¥zl Kimwipes$t Zro] 50 ml tubed ¥-2Th2 hybridization
chambero]] @ojil Wo] QF Eol71A 3l 65Co|A 14~16A]7F incubationd}git].
o[F 2XSSC, 0.2% SDSE 60TolA 30&3t 28] R, 0.05X SSCE 53t H2

<, spin® E el scandtiTt.

th. AR Feol U
1) Scanner B4 =ZZA 2 A3} Hybridizationo] T4 Fof scan-arrays &35}
data imageE @7] A= T3 protocol S FAJEof dtadrh. ™A spoto] ]

A& AgE A Fa, AdPel A FFEAS AN thE AFEE dHst

Art Aol quick scan®E scandt Fof spotl] A3t ¢x|&} 2P S wWikr}
= MHEE EAA scandtdrh.  Spotd] XU xS 2FIe YL
) Y~}

auto-range, auto-focus 7|%& A3l A3 & 4 glr}. Auto-focus 7] %S
AL2517] 9l3fA & quick scan® imageolAspot& A EI3}e] line scand 3 F-ofof
st I8 9A& line scand 3t FHOZ of7|oflA] laser power, PMT value,

focus& XAt XA signal& V& + Ut LelE wEe] £t Iy &7



._4

ol agE= 9
MRk Cy5e)

t}. Protocol &

2 288 FL Cy52 intensitys} Cy3Rr} of 1,59 &Th= Zlo
2] 9] spot& line scandl= Z X rTl= house keeping geneZd2 7
Cy32] intensityE ZA Bt3o] normalization& A|AF= Zio]
@4g Fof thA] scand P I3 BH Z2 imageE ¥

Ewjolx|gt, o7]o] Cy3, Cy5¢] upge] gte A
Cy3& green® g, Cy5§— red2 Sh= Zlo] drbAolx|qt,
2 o] & = gl

gy o

4 7} glt}. Scan®
d& RAXA Hrl.
Fxto] uwiel thE Mo

image+

r‘.ﬁ. m{o

-2004,00 (Pass, ..
202400 (Pass...

<% 9, Laser power, focus, PMT value%®] ZA(A) W Scan image (B)>
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2) Salicylic acid®} sodium chlorideE A 2|3t w5 |-A= F2] scanning
A7 28 102 o 1mMe] salicylic acid®} 100 M2} sodium chlorideE& 7t
Zh 2A1 7 B AR ARY {AA Hol AT WREENA}E Uehd Zolth
Salicylic acid& A 8|3t A|89] Cy3E, sodium chlorideE A zg|gt Al&Ro] Cyb&
=39t
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8
] W WER
AEWEL: FEE
I = ome

< 2% 10. Gene expression profile from when treated SA(A) and NaCl (B),
BC-EST ver 1.01 & ol &% 23k42] Sa218 WHEH ZAzHC)>

3% 9AL 7|4 ¥ data® spot Roo] EFAEIA intensity® uf-$ WokoLt 1
3 9B FHZo] dolXl data® A zZo] HAHEHAZTES & 4 Ul YA
o]z data quantarrayS £33} spot7te] intensityE vz B4l X E3]
A Hr}, Scanarray$} nlxt7}x|E quantarray £33t imagew]E ¢35} protocol S
zdstofof stgdct AP scaled BIIFIL spotd] FHE intensityE: €71 9
s & dWeasich, 2% 113} 12% Quantarray?] ¥4 HFFo2 FHYE spotd
intensity& &3 317] 91319 spotd] $IX & AP F£ ZALE 5 E= A2
2 8 4 9ot BRE B4 AV TuUd 471xY BelE dataE & 4 ST
(Scatter plot, bar graph, threshold report, statistics report). o]&ojA 713
2 482 Aol scatter ploto|t}. Scatter plot-d 23t Ale] FAZ}e] WA H=
= Uthd zes, Zzte] faxlel wd AEE T ol & 4 Atk WA
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spot& | F3HA EHE sidshe KAxt FRIL otefe] vEhtA Hrh I3 13A
L B el o3 dolF datag scatter plotl & LERH Zlojt), o3t AH
S d7e] DNA chipd] RS HAX3P] ¢t £¥H Zo= [ UH

patternof= & 2u|& F=x| gt}

<27 11 & 12. Quantarry®] protocol ZAMEHA, Spote] YX|&E A& 3l= & >
XZ2AH o8 EMIE datal excel sheetl} text file® F£X|3st] AF & = 3l
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T}, Spot intensity, background intensity, Cy3/Cy5 ratio, gene name &2 A¥
of th3r ARE w3 gltl, 28 13BE dataZ excel sheet® &H3lo] £ Fo

ehl intensit.ch Backgr.ch1 Intensit ch1 Backgr. ch2 intensit ch2
05,8842 214,7483 57.6524734.48403 265.3626

2091516 :
2641184
[4894.911.

2516.247
2140222

235.0688,
240,3804

1228,197 1 "3183,021

504,524138,27038. 1489,874

4507494 39.171881 2226,905
4

NS TR VLT SO 9% H0% NDQPUN (0 S0 T 0 PR ML S 0 M 0 0 N 0

< 1%® 13, Scatter plot : A, X - Cy5 (NaCl), Y= - Cy3 (SA):
B, X3} © datag excel® &3t 255D

3) §A= Hof 23t wWH dolg ®A (Normalization W expression

43



profiling): DNA chipoll &J%F 3=} Fwhd WHEAE $I¥ data 40 3lo]
A 203 AL DNA microarray®E AMREH RE Z}AoA $uMH Y3t Ro|RE

Hanshe BRolth. Tepd BAAY A3Y 4 2k $4Ha Aol okl 4l

g + ok AT §32 AsNE B4 Rolnh, oEE EHHLE B3l
O ADE BLela ARSHs Aol 2oy o4t "ok V) oy

o] Figo] tirstA ol FolRa g9len I AzEo| W2 databaseE FA|FH o

A =ojzts gt U E programE ©o]€3}o] backgroundoA] H-XH noised

a3l Ao 3t WS X3t WHoREE AS3E  clustering,

K-means clustering, SOM 5-¢] ¥WhH& ulo] x}-&3}4it}.

AR A Bel A% Asly fAR AT B HHEA

1) A&d A {AxY 7% A ( Plant J. 25: 247, 2001 ¥¥)

@ Cold-stress A3 KAt H7|M4E ZAB3} Scof-12] FAA W& A2
of 2i3te] FIElE FAAE 2t E7IMES ZHY F, databased]A] H|aL
B3 A3 33 14A9) oo AN WO R targeting® 4 9l domain} 2
788} zinc-finger domaing 83t Q2O 2 A transcription factorEA18] 7]%
& YUY ZoE {§3Y £ gk 23 14BollA B ule} Zo] Scof-12 4°Cof
A 3AIZ Riﬂli’_ callus AJROIA Z3HAl HEo] fFEHE ¢ + i, 72227t

2| Aelsled g Bfolz et wdIIE & .——l@-_} = gk Bt opuel, A2

oA 24A] 2t %‘]3]5{, ARE 26°CE '9—5*3‘ SAZHE FRolE Mg F oF 24
7t olulloll FATIA FAALS] dHo] TAPE WHBAIL cold-stress signaling
molecules?l ABA >

sege o S Wl Zobl Bl o HAAE
cold-stressoll 2]3] 7% inductiong BHGTHE AMIE BT 4 Ygich
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Comparison of SCOF-1 Amino Acid
with Other Zinc Fingers

NLS
scor-1 MALEALNSPTTTAP -SFP-e~n¥D-~DPTIP~~HAKKKRSKRSR~DH-~P
EPF2.7 AL QF -~ ERNGLY
EPF2-5a ! IITP?
EPF2-5b TP -SLPF~ 12ZTPP
EPP2-~4 KTLETL KT-~3KPTIPL XNDAZ] 12ZTRP

congensus MALEALKSPT..tP.8.F....ed,.d., ... W . KCRRSXROR. .. pp

scor-1 SREEYLALCLINIAR ‘ PPLQEQ-P-waQPTPDE

BPP2-7 TEEEYLALCT IHL. PPPPLRPSVPVISQINATL

BPF2-5a SEEBYLALCLINK TYRSILPGSTDTTT

EPFi-5b BEEEYLALCLINL GRG TITIT TP

BRFI-4 SEKEFLALCLINL TTR~~=TTZ THK-~FIQV

consensus  eFEEYLALCLYMLARS .C...o¥boesssss teapaanns R
Zinc Finger I

scor-1 §--~TKLSYHCSVCOREFPS YRALCGURARRRALAG-A-~AE-DQPPST-

EPF2-7 LEQREL~ VIE; QETTS

EPF2-52 VYQE Sy L

EPF2.5k T

ERE2-4 @

consensus . .J.teqsYRCIVCARSE, GYOALGONXKASERK 0 v 0 s tt...Dd,..np

Zinc Finger IX
scor-1 TS -SAAATS~- -~ SA5-—G-GKARFES ] CHKBPPTGON.GGRKACHYE:

wer? TIPNITETS THFCR YCRKCHW ne
EPFi-5a T YMNIST

BPFZ-3L T VHNIEAL: I BG
EPF2-4 STEN L

consensus tTENS..gts.--.Sel.NpaGr,AeCEICAK, FPtCQATGGRFRIHYVEG
scor-1 HT 2
EPri-1 NI~m
EPF2-58 KL VT STH L DLNMLP
EPF3-SE  KEGGNEN SDECASTHE LROPDLNMLE
EPFied WL VI 1 DLW ==~
consenaus . .ggNoN.H...Gg9.S.5v.VL..5e6.G.8Thet...... ROFDLX. ..
scor-1 PAFEDY- Y o mm Ko = VG- v VIPKIBLPQPG
ERF2-7 PALPEEWPGF---—G--5G LELFRGL
EPF2-%58 1DCGL PRLL-PSHE
EPF2-3F  PS-PELOLELSIDCOLKS-QIPIEQEVISPHP~LRK-- -~ PRLL-EFND
EPF2e4 PELTL PRLA-FRIDGH
vonaensus P Peloay.s.de. ks.g. . EGQEVISPAP. XK., . a0 S % W NN

Induction of SCOF-1 Transcription
by Cold or ABA Treatment

(@)

L 3 6 12 24 72(h)

SCOF-1

5

p-tubuiin o
Cold stress/seedling

(b)

SCOF-1

12 24 (h)

1

Cold stress {4 °C)

B-tubulin

005 1 2 3 6 24(h)

SCOF-1

il |
[na RT (25 °C) ]

(c)

0 1 3 6 12 24(h)
- -

SCOF-1

B-tubulin
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<% 14, A, Comparison of the deduced amino acid sequence of SCOF-1 with
those of the petunia EPF family of zinc finger factors: B, Northern analysis

of SCOF-1>

® Scof-1 §-Ax}e] Wo 2o o]% W transgenic tobacco?] cold-stress A 3}Ad;
Scof-1 whaizl.e WO & o]% 73t KRKRSKRE] nuclear targeting signal sequence
7} alol A Scof-1-GUS fusion gene construct& #| %3t v} particle bombardment
WS o]-23} onion epidermis cello]] 2918t A3}, 7 15404 R ujp} 2
o] gus staining®] blue-colorZ} oA ut UEIL L E A Scof-1 proteind YO &
o] 58}l transcription activator?d] 71%5& Y Zolgl= AMUE o 4 Ui
AZH Yo 8] Scof-1 7]1%S FH37] $18te] CaMV35S promoterE ©]&-5to]
Scof-1& over-expression A|Z] T}& Northern analysis® Scof-1 gened] UWd
HRISIAT2-H A AT seedsE cold-stress A 2|F 25°CE A TS ulf, Wrel 2
$L BEER Rsigd.ou, Scof-1 ¥hAo] over-expression H Z-$i WIof uls}
of ASHA FFol W3t (27 158).

Nuclear Localization of SCOF-1

(a) (b)

355::SCOF-1-GUS ~GUS

A)
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Chilling Tolerance of SCOF-1 Transgenic Tobacco

. Control

SCOF-1
e, trANSYENIC _ mmmme

B) Before After
Cold treatment Cold treatment

(Y 15, Nuclear localization of SCOF-1 protein in onion epidermis cells

(A). Chilling tolerance of SCOF-1 transgenic tobacco plants (B)>

Cold stress o 2J3] W&ol KEZ|E COR gene E2 WHE XA ¢35t
Scof-10] over-expression® HAAF ArabidopsisE A Zdtgcrl. &[5 CORISGa,
COR4T, Rd29b Fel WEoFE DY A3k, I 1604 i uie o)
cold-stress X 2lo] 2J3}o o|& KA WHo| A3 FIHE Hid& ¢ + ¢
gdcrt el A ZE FAAS Arabidopsis A EA S ds)] AuE AEE S5
olgte] -1°C/h8] =2 -7°C7HA WHThrl thA] 25°CY] WiRA R ARS T
2do] AUA AEQ] AL Fuste] Ryt WIS cold-stressol &]3te] A3
FoM HE EvMed delE 8 W, Tk thA] aohbd Aol IEHE A

& BEY 4 Aot
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Changes in Fresh Weight and Chlerophyli Content of
Transgenic Tobacco Callus

120r &3 control o
Y T SCOF1 TG T L o
2 100} s o 5
1] [
= 0
Q o
£ 80 E£
£ 03
D 60 T£15
[ Le
2 &5
£ 4 550
g 2>
L 2 C 5 .
0 10 20 30 40(day) 0 20 30 40(day)

A) 3 2 % 2(°C)

Freezing Tolerance of SCOF-71
Transgenic Arabldopsis

(a)

Nonacclimated

SCOF-1

Cori5a

Cord7

Rd298

185 rONA

B)

{% 16. A: Changes in fresh wts and chlorophyll contents of SCOF transgenic
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calli, B: COR expression and freezing tolerance of SCOF-1 transgenic
Arabidopsis)

® Scof-1& bZIP protein?} ABRE®}S] in vivo interaction &7} Scof-19] SGBFz}
XA ZAslr] wjFoll SGBF1o] COR15a protein®] ABRE sequenceo]| @& F& |
E #43t A3} EMSA A8 A3} Scof-12] full-length?} bZIP domain®t© Z COR15a
2] ABRE®] SGBF12] binding activityS ¥ X dependent3}A Z7IAZS B £+

glalct (29 17).

Electromobility Shift Assay of SCOF-1
to Related Cis-elament

SCOF-1
SCOF-1
SGBF-1-BL

SCOF-1
EPF2-5
CBF1

A) EP1S DRE ABRE

Interaction of SCOF-1 with SGBF-1

(a)

B)
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Enhancement of DNA Binding Activity of SGBF-1
to ABRE Sequence by SCOF-1

@ (c)
SGBF4 - - + + 4 +
SCOF-4

B
1
L]

Fold enhancement by SCOF-1
[ 4
I

] \M
¥ ) T T T H
{ 2 3 4 65 &6 0 w5 25 s % 6es
SGEF-1-8¢ [nb)
(b)
SGBF-1-BLf o5l 26T 5 [125] 26 lav.5]50 [1.2525| 5 f125] 25 [37.5 50/M
SCOE o -l m e e =g+l Fl 4+ +1+ ]+

C)

<78l 17. A Electromobility shigt assay of SCOF-1 to the related
cis-elements,
B: Interaction of SCOF-1 with SGBF-1, C:; Enhancement of DNA binding
activity of SGBF-1 to ABRE sequence by SCOF-1>

2) A3 A T 0sMlo GAxFe] Bl @ 7% AF-(Nature 416: 447, 2002
uiyr)

© OsMlo A B2l W B ThIR gpasds Aol s FuhA wHHe

AE Axte] T CaM §-A=8 binding proteinES HRP-conjugated CaM2 =
screeningdto] R @] plant defense®} leaf cell death?] modulatorZ ¥¢8F Mlo
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proteinz} oln]ix=t leveloflA] 65% identityE 7}2l OsMlo (Oryza sativa Mlo)&
azysigdct. OsMlo |AXE= 1.6 kbe] cDNAE o]Fojx glon 7Y
transmembrane domaing 7}X|:= 62 kD] proteing encodingdlil Qlt}. OsMlo
proteint]®] CaM-binding domaing AAS}7] ¢35} C-terminal deletion mutantE
=g on, o]E o]-L% CaM:HRP overlay assayE E3]A] CaMo] OsMlo proteing]
njz]et cytosolic regiono] Ca*-dependentd}A] binding¥e HQistgdrt (¥
18).

A

OsMio CaM
CaMBD Binding
1 HTHT} {1t} 554 DO+
1H ] ] T {H 1 488 D1+
1 HO 1 [hooo b2 -
iH_— F— 151 D3 -~
tH {100 D4 -
440 K 475 c +
kDa G DO D1D2D3D4C G DODID2D3D4 C
200 —
97.4 —
68
43—
SCaM-1;HRP Overlay SCaM-1:HRP Overlay
(CaClz) (EGTA)
B)
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0OsMlo 443 MK DA 462 C
OsMlol 426 MK DA 445
OsMlo2 452 MK DA 461
HvMlo 417 SK DT 43¢
HvMlol 140 AK DA 459
TaMlol 191 AK PT 210

ZmMloS 7 008
ZaMlo8 435 Q0
AtMlol 150 QV
AtMlog 468 SK

Extracellular

Intracellular

<% 18, Identification of the CaM binding domain of OsMlo(A), Structural

feature of the CaM binding domain of OsMlo (B)>

@ fdat wHe] o3t 0sMlod] JletE:

Northern blot analysisE E3}o,

OsMlo®] gene expressiono] fungal pathogeno]l} salicylic acid, hydrogen

peroxide, jasmonic acid, ethylenez} Z+& plant defense signaling moleculeF 2]
Azloll osfA w2 AJZhiol transientdtA] F71EE Fel (¥ 19)3deH,
pathogen 3 2]oj|2]8t 0sMIo?] gene inductionofli= reactive oxygen species (ROS)

9] generation, extracellular Ca® influx, 8|3 protein phosphorylationso]

Z203% YL 3t 9L o8 7} inhibitorE ©]-£% pharmacological study

g S3AM & 4 Tt
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A

GFP RFP

class |

class i

B

% of transfected fluorescent cells

class -HvGa dsRNAi  +HvGa dsRNAI

I 86.0 £ 6.0 3.3%35
B) I 10.0 £ 6.1 17.6 £6.7
i} 4.0+ 3.6 79.0 £ 10.1

{1#l19. 0sMIo?] gene expression (A) M Silencing of HvGa gene expression

(B)>

® CaM A¥ 3} MlogA <33k Ha| Mlo protein®] CaM-binding domaino]] of 8] 7}%]
mutation® 3, single cell transient assayS E3}o] Mlo /g2t mutationo]
2e BANE ZASHAC Mo o] T AEAA Yol 7ol QolA canel o
&8 in vivoolA ZWE3d}7] ¢3te, CaM A A}8] silencing®} overexpression©]
Mlo &Alo] m|xj: 3388 AT CaM@] overexpressions Mlo Th¥jze] Ad
S ¢F 40% AT ZI7IA|Z 3L, dsRNAIE B3 CaM FA=}2] silencing Mlo 84&
oF 50% A% 7ZrAAZTh & CaMo] Mlod] co-activatorZ 2HE3lgthe AMME &
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@ Heterotrimeric Ga2}te] A#Ad: Mlo AL animal®] Ga coupled receptor}
FAF8} 7 transmembrane +ZXE JIX|Z 9l7] uwj&ol Mlo-mediated signaling
pathwayo] ¢loJA] heterotrimeric Gate] dHEE& ZAPSIAT) oledt AAE T
3] plant Mlo A2 animal®] Gazhs TS 2 7I3E 7MY, 2 23 JA

Fo shizt cangle el @ 4 9dch

A)
Single cell transient assay in Mlo plant
1
§ m
2
®
o)
o,
é
@
Z
C et Relative Relative T
onstiue S/Gratio (%) reduction (%)p @
1 4
pUDbI-GUS 54 6.7
pUbi-GUS+Hvilo 100 '
pUBI-GUS +HvMio. LiR 71 453 29 " o ® o x X
pUbL.GUS+HVIllo. WR 68 £1.6 k73 g = - S - i
pUBI-GUS+HvMIo. NK 100 £2.4 0 = I é o 2 é
pUBL-GUS «Hvhlo. E/K 99 £2.5 1 > > < < >
o = T o o4 I

546G ratio: susceptable cels expressing GUS/allinfected GUS cells x 100
“Relative reduction: 100 - relative S/G ratio of HvMlo mutant
mean £ SE
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B)

Mlo, a stress sensor integrating extra- and
intracellular stress signals

Biotic
Stress

Cell Death Protection

% 20, Mlo?] single cell assay(A)&} CaM& 7t Mlo2] A3 AY (B)7]%>
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A e A7UAToM & dAAdSi=dE

1. DNA chip ¥ 3|t 7|&A R

7}. DNA chip #el A} &3
DNA chip dFe 243] Wddsle] A3y Fole =] #e HA} F&3] F718t
of Az} HAH oF 1309 PYA/} BZAow tiE IS A s ofgliet Zh

A3

£

W &

URL

Soane Biosciences

e

Plastic chip &
microfluidic systems

http:/ /www.aclara.com

Genetic
MicroSystems

e

Acquired by Affymetrix

http:/ /www.geneticmicro.com

AVIVA Biosciences

e

Dedicated to the
application of
breakthrough
multiple-force biochip
technology for genomics
and proteomics

http:/ /www.avivabio.com/

DNAmicroarray

offers complete "made to

order"

http:/ /www.dnamicroarray.co
m

BioChip tech.

The first company to
move into the field of
microarrays

http:/ /www.biochip.com/

BioRobotics

Capital Biochip Co.

exploring cutting edge
technologies in
microfluidic chips, active
microarrays,
laboratory-on-chip
systems, implantable
chips, nanomaterials and
diagnostic
instrumentations.

http:/ /www.capitalbiochip.co
m/

Clondiag Chip

Working on generation a
nd applicatiopn of DNA

microarrays

http:/ /www.clondiag.com

PamGene

ydgd=

flow-through technology
for microarray

http:/ /www.pamgene.com
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